Background-Individuals living in primary care health professional shortage areas (PC-HPSA), often have difficulty obtaining medical care; however, no previous studies have examined association of PC-HPSA residence with prevalence of cardiovascular disease risk factors. Methods and Results-To examine this question, the authors used data from the Multi-Ethnic Study of Atherosclerosis baseline examination (2000 -2002). Outcomes included the prevalence of diabetes, hypertension, hyperlipidemia, smoking, and obesity as well as the awareness and control of diabetes, hypertension, and hyperlipidemia. Multivariable Poisson models were used to examine the independent association of PC-HPSA residence with each outcome. Models were sequentially adjusted for demographics, acculturation, socioeconomic status, access to health care, and neighborhood socioeconomic status. Similar to the national average, 16.7% of Multi-Ethnic Study of Atherosclerosis participants lived in a PC-HPSA. In unadjusted analyses, prevalence rates of diabetes (14.8% versus 11.0%), hypertension (48.2% versus 43.1%), obesity (35.7% versus 31.1%), and smoking (15.5% versus 12.1%) were significantly higher among residents of PC-HPSAs. There were no significant differences in the awareness or control of diabetes, hypertension, or hyperlipidemia. After adjustment, residence in a PC-HPSA was not independently associated with cardiovascular disease risk factor prevalence, awareness, or control.
M ore than 65 million Americans, one-fifth of the entire US population, live in a primary care health professional shortage area (PC-HPSA). 1 These shortage areas are designated by the Health Resources and Services Administration as areas of unusually low primary care physician availability and/or high unmet population needs for primary care. 1 Residents of PC-HPSAs have less access to medical services, including lack of a usual source of care, inability to get health care when needed, and less outpatient care, especially preventative care. 2, 3 In addition, middle-aged and older individuals living in PC-HPSAs report being in poorer general health as compared with nonresidents. 2, 4 A nationwide study of Medicare beneficiaries found that residence in a primary care shortage area was associated with a 70% higher rate of preventable hospitalizations. 5 Most prior research on health professional shortage areas has focused on differences in general health status and overall health care utilization. 2, 4 Little is known about the potential impact of primary care physician shortages on prevalence of cardiovascular risk factors and what factors may mediate this association. In the present study, we examined the crosssectional association between residence in a primary care shortage area and cardiovascular risk factor prevalence, awareness and control among participants of the Multiethnic Study of Atherosclerosis (MESA) study. Specifically, our aim was to examine whether demographic and socioeco-nomic characteristics mediate the association between residence in a primary care shortage area and the prevalence, awareness and control of cardiovascular risk factors. By understanding the impact of primary care availability on cardiovascular risk factors, we can identify and target community-level interventions to those in the greatest need.
WHAT IS KNOWN
• Residents living in areas with a shortage of primary care physicians often have difficulty obtaining preventive health care.
WHAT THE STUDY ADDS
• This article is the first to examine whether living in an area with a shortage of primary care physicians is associated with the prevalence, awareness, or control of cardiovascular risk factors. • Although people living in primary care shortage areas have a higher prevalence and lower awareness and control for many cardiovascular risk factors, these findings appear to be due to differences in race/ethnicity and socioeconomic status (SES), not the lack of primary care physicians. • Simply increasing the number of primary care physicians in these shortage areas will not improve cardiovascular risk factors. Instead, interventions must also take into account other barriers to cardiovascular health.
Methods

Individual-Level Data
The Multi-Ethnic Study of Atherosclerosis (MESA) is a multicenter, prospective cohort study of individuals ages 45 to 84 years. Begun in 2000 to 2002, it was designed to investigate the prevalence, correlates, and progression of subclinical cardiovascular disease. Further details on the study design have been published previously. 6 The study enrolled 6814 African American, Chinese, Hispanic, and non-Hispanic white men and women, recruited from 6 communities across the United States: Forsyth County, NC; northern Manhattan and the Bronx, NY; Baltimore City and Baltimore County, MD; St Paul, MN; Chicago, IL; and Los Angeles, CA. Individuals were excluded if they had known prior clinical cardiovascular disease, any prior cardiovascular procedure, weighed Ͼ300 pounds (135 kg), were pregnant, or had an impediment to long-term participation. The MESA protocol was approved by the institutional review boards of all collaborating institutions and the National Heart, Lung, and Blood Institute (Bethesda, MD). The present study included all MESA participants who participated in the ancillary MESA Neighborhood Study and had geocoded information available at baseline. Individuals who did not consent to the ancillary MESA neighborhood study (nϭ623) or whose address could not be reliably linked to the census tract (nϭ167) were excluded from this study.
The outcome variables examined in this study include the baseline prevalence of diabetes, hypertension, hyperlipidemia, obesity and smoking, the awareness of having diabetes, hypertension, or hyperlipidemia, and control of hypertension and hyperlipidemia among people with these risk factors. Total, low-density lipoprotein (LDL), and high-density lipoprotein cholesterol and plasma glucose were measured from blood samples obtained after a 12-hour fast. Seated, resting blood pressure was measured 3 times; the mean of the last 2 blood pressure measurements was used. 6 Hypertension prevalence and control were defined according the JNC VII criteria. 7 Prevalent hypertension was defined as systolic blood pressure (SBP) Ն140 mm Hg or diastolic blood pressure (DBP)Ն90 mm Hg or self-reported use of any antihypertensive medication. Individuals were considered to be aware of their hypertension if they self-reported a diagnosis of hypertension or were being treated with antihypertensive medications. Among hypertensive individuals, hypertension was considered under control if their SBP was Ͻ140 mm Hg and DBP Ͻ90 mm Hg or SBP Ͻ130 mm Hg and DBP Ͻ80 for individuals with diabetes.
Hyperlipidemia was defined as LDL cholesterol concentration Ն160 mg/dL according to the ATP III guidelines or self-reported use of lipid-lowering medication. 8 Individuals were considered to be aware of their hyperlipidemia if they self-reported a diagnosis of hypertension or were being treated with lipid-lowering medications. Among individuals with hyperlipidemia, controlled hyperlipidemia was defined as having an LDL cholesterol concentration less than ATP III goals, based on coronary heart disease (CHD) risk classification: 0 to 1 risk factor, Ͻ160 mg/dL; 2ϩ risk factors and 10-year CHD risk, Յ20% to Ͻ130 mg/dL; and CHD, CHD risk equivalent, or 10-year CHD risk, Ͼ20% to Ͻ100 mg/dL.
Diabetes was defined according the American Diabetes Association 2010 Guidelines as fasting glucose of Ն126 mg/dL or selfreported use of any antidiabetic medications. 9 Individuals were considered to be aware of their diabetes if they self-reported a diagnosis of diabetes or were being treated with antidiabetic medications. Body mass index was categorized as normal weight (Ͻ25.0), overweight (25.0 to 29.9), and obese (Ն30), in accordance with definitions from the World Health Organization 10 and the National Heart, Lung, and Blood Institute. 11 Smoking status was categorized as never-smoker, ex-smoker (smoked Ͼ1 year ago), and current smoker according to self-report. Individuals who reported either being diagnosed by their physician or using appropriate medications were considered aware of the risk factor. In addition, we also examined the cumulative number of prevalent risk factors.
Additional participant covariates included study site and patient demographics such as age, sex, race/ethnicity, education level (categorized as less than high school; high school graduate; some college; college graduate; or graduate school), marital status, country of birth (United States, Puerto Rico, other), language primarily spoken at home (English, other), employment, residential status (rent, own home, pay mortgage, other), gross family income (dichotomized as Ͻ$40 000 and Ն$40 000; $40 000 is approximately the cohort's mean income), length of residence at current location (years), and family history of a heart attack. In addition, participants' access to care as determined by their insurance status (categorized as HMO/private insurance; Medicaid; Medicare; Military/VA; other; no health insurance) and usual source of care (categorized as doctor's office or clinic; hospital or emergency room; Other) were examined. All covariates were assessed by questionnaire.
Area-Level Data
The primary exposure in this study was residence in a primary care health professional shortage area. Primary care health professional shortage areas are defined by the US Department of Health and Human Services, Health Resources and Services Administration, as geographic areas, including counties or clusters of census tracts in metropolitan areas, which are rational areas for the delivery of primary medical care services and either have a population to full-time-equivalent primary care physician ratio of at least 3500:1 or a population to full-time equivalent primary care physician ratio of Ͻ3500:1 but Ͼ3000:1 and unusually high needs for primary care services or insufficient capacity of existing primary care providers. 1 In addition, primary medical professionals in contiguous areas must be overused, excessively distant, or inaccessible to the population under consideration. 1 Additional details of the Primary Care Shortage Area Definition can be found in the online-only Data Supplement, Expanded Methods. Participants were linked to data on PC-HPSA from the Health Resources and Services Administration, based on their census tract of residence creating a binary indicator for each participant identifying whether they lived in a PC-HPSA or not.
To take into account the neighborhood environment, 5 neighborhood scores were derived using factor analysis from 2000 census variables at the census tract level and were included as covariates. These 5 scores reflect neighborhood: (1) poverty (percent vacant housing, percent no telephone, percent no vehicle, percent unemployed, median household income, percent poverty); (2) education/ occupation (percent at least a bachelors degree, percent nonmanagerial occupation, percent households with interest/dividends); (3) immigrants/crowding (percent Hispanic, percent Asian, percent foreign born, percent crowded houses, ie, more than 1 person per room); (4) African American/family structure (percent African American, percent single-parent households); and (5) residential instability (percent not in the same house since 1995).
Statistical Analyses
In descriptive analyses, the distributions of participant characteristics-including site, age, sex, race/ethnicity, education, income, marital status, employment, country of birth, primary language, insurance status, usual source of care, residential status, length of residence at current location and neighborhood SES-were examined overall and stratified by residence in a primary care health professional shortage area. We then examined the prevalence, awareness, treatment, and control of cardiovascular risk factors (diabetes, hypertension, hyperlipidemia, obesity, and smoking) among PC-HPSA residents and nonresidents. 2 and t tests were used as appropriate to determine statistical significance.
Prevalence ratios were calculated using a log-linear model. All analyses were done separately for each outcome (the prevalence, awareness, and control of each cardiovascular risk factor; cumulative risk factors). Analyses of awareness and control were restricted to participants with the condition of interest. The models were sequentially adjusted for participant characteristics: model 1, unadjusted; model 2, adjusted age, sex, race/ethnicity, site, marital status, and education; model 3, added born in the United States (y/n), English spoken in home; model 4, added income Ͻ$40 000, residential status, employment, insurance; model 5, added usual source of care, payment for usual care; model 6, added 5 neighborhood SES factors (included as continuous covariates).
We conducted several sensitivity analyses to test the robustness of our findings. We used propensity score matching to investigate the robustness of our results with tighter control for confounders. HPSA residents were matched 1:1 with nonresidents, using a greedy matching algorithm set to match individuals with propensity scores Ϯ0.005. We conducted further analyses among a subsample of participants who had lived at the same address for at least 20 years. Last, we used generalized estimating equations models to account for any clustering of individuals within neighborhoods.
Results
Similar to the national average, 16.7% of the MESA participants were residents of a primary care health professional shortage area. PC-HPSA residents were more likely to be African American or Hispanic, had less education, with almost a quarter having less than a high school education, had a lower family income, and were less likely to speak English at home compared with nonresidents ( Table 1 ). The majority of MESA participants who were PC-HPSA residents lived in New York City, Los Angeles, and Chicago.
In unadjusted analyses, residence in an HPSA was associated with higher prevalence of individual risk factors including diabetes, hypertension, obesity, and smoking (Table 2 and the Figure) . PC-HPSA residents were 25% less likely to have no risk factors and Ͼ20% more likely to have 3 or more risk factors. In contrast, HPSA residence was not significantly associated with risk factor awareness or control.
In risk-adjusted results, PC-HPSA residence was not independently associated with any risk factor prevalence, awareness, or control (Table 3) . Participant demographic and socioeconomic characteristics, particularly race/ethnicity and site, explained most of the association between cardiovascular risk factors and residence in a PC-HPSA. For example, in an unadjusted model, residents of HPSAs had a 34% greater likelihood of having prevalent diabetes. The excess risk of diabetes dropped by approximately 65% when participant demographics were included in the model. An additional 1.4%, 9.1%, 6.4%, and 6.3% decrease in excess risk was seen with the addition of acculturation, SES, access to health care, and neighborhood SES, respectively. Findings were similar in sensitivity analyses using propensity score matching, restricted to individuals living at the same address for at least 20 years and controlled for neighborhood clustering. In exporatory analyses, 6 interaction terms were examined for each outcome. No consistently significant interaction terms were identified across outcomes. There were some significant interaction terms for specific outcomes (HPSAϫage for smoking; HPSAϫsex for obesity, normal weight, no risk factors and all controlled; HPSAϫno insurance for hyperlipidemia awareness), potentially due to the large number interactions tested. When we conducted stratified risk-adjusted analyses, the association of the outcomes with PC-HPSA remained nonsignificant in all strata.
Discussion
We examined the association between residence in a primary care health professional shortage area and cardiovascular risk factor prevalence, awareness, and control among MESA participants, a large, diverse, population-based cohort. Residents of PC-HPSAs had a higher prevalence of individual risk factors as well as a greater cumulative number of risk factors. The increase in cardiovascular disease (CVD) risk factors among residents of PC-HPSAs was primarily due to the higher proportion of African American and Hispanic individuals as well as the lower SES of the residents. Residents of areas in which primary care physicians were more readily available did not have better cardiovascular risk factor awareness or control. The present study is one of the first to report on the association between residence in PC-HPSAs and cardiovascular risk factors. Our findings of a higher prevalence of CVD risk factors and a greater cumulative number of CVD risk factors among PC-HPSA residents are consistent with prior studies that found poorer general health among residents of PC-HPSAs. Previous studies have reported conflicting findings as to whether associations of health with PC-HPSA residence remain significant after adjustment for factors such as demographic characteristics, health care availability, health insurance, and clinical characteristics. In our study, higher prevalence of CVD risk factors among PC-HPSA residents was primarily due to racial/ethnic and SES disparities and did not remain significant in multivariate analyses adjusting for factors such as age, race/ethnicity, sex, site, marital status, and education. Previous reports have found associations of PC-HPSA residence with decreased health care utilization including cancer screening, mammography, and pap smears in bivariate analyses. 3, 12 However, after adjustment for demographic characteristics, health insurance, cost of care, and health care access, women who lived in PC-HPSAs were equally likely to have received a mammogram in the past 2 years or a pap smear in the last 3 years as compared with women not living a PC-HPSA, 3, 12 although women who lived in PC-HPSA remained more likely to have adhered to mammography guidelines and received the appropriate lifetime number of exams. 3 On examination of health outcomes, Parchman et al 5 found that elderly adults in poor health who live in PC-HPSAs are 70% more likely to have a preventable hospitalization even after adjustment demographic and socioeconomic characteristics. Similarly, among 2 state-based studies including almost 500 Kentucky 4 and 10 940 West Virginia residents, 2 respectively, residents of PC-HPSAs were found to have significantly poorer general health (as defined by a 5-point Likert scale and the Medical Outcomes Study Short form, respectively) even after risk adjustment. Importantly, both of these studies were conducted on the county level and therefore excluded residents of counties with only partial HPSA designation. Only about half of all HPSAs include the entire county; the other half include only parts of counties such as specific census tracts. 13 This exclusion resulted in all HPSA residents being mostly white and from rural counties and thus limits their generalizability to more diverse, urban populations.
The findings from this study suggest that residence in a federally designated PC-HPSA is not independently associated with cardiovascular risk factors. Instead, health care quality and continuity of care may be more important predictors of CVD risk. In other studies, patients with congestive heart failure or CHD who received care at community health centers, often located in low-income HPSA areas (as compared with hospital-based practices), were found to be less likely to get a cardiology consultation, a marker of better quality of care, and had 20% fewer follow-up consultations, a measure of continuity of care. 14 Further study is needed to identify how differences in the quality and continuity of care may mediate the relationship between availability of care and health.
The MESA study is a prospective, diverse, populationbased study that includes detailed information on participants' residence over the past 20 years. An additional strength of this study includes the detailed assessment of cardiovascular risk factors. 6 Unlike previous research, in the present study we conducted the analyses at the census tract level and adjusted for participants' neighborhood SES. However, our study has several limitations. MESA is a large, population-based cohort that recruited from geographically diverse sites across the country; however, it is not nationally representative, nor was it designed to be geographically representative of its sites. In addition, MESA participants may not reflect average PC-HPSA residents, as the study recruited from urban centers. Although in MESA a random sample was selected, those who chose to participate may have had more familiarity or comfort with the health care system; for example, only about 8% of the MESA participants included in this study were uninsured, compared with the national average of 14%. 15 In addition, the proportion of MESA residents who lived in a PC-HPSA was 16% as compared with the national average of approximately 20%. 1 We used the federal PC-HPSA designation as a marker for physician availability. However, HPSA designation is not automatic and requires effort on the part of state and government officials in pursing a designation. This may result in some eligible counties not receiving the designation and thereby cause us to underestimate the relationship between PC-HPSA and CVD risk factors. Last, this study was crosssectional and thus temporality could not be established. We did, however, have similar findings even when we restricted the analyses to individuals who had lived in the same residence for 20 years or more. In addition, survival bias may have explained our failure to find adjusted associations. The focus of this study was to examine the association with cardiovascular risk factors, therefore we did not determine whether residence in a PC-HPSA was associated with increased health care costs, utilization, or outcomes. Future studies are needed to examine these associations.
In summary, we found that although CVD risk factor prevalence is higher among residents of PC-HPSAs, these findings were primarily due to a high proportion of individuals with low SES and from minority ethnic groups. Availabililty of primary care physicians was not independently associated with CVD risk factor prevalence, awareness, or control. These findings suggest that attempts to improve health care access by ensuring adequate numbers of primary care physicians or assigning more resources without also addressing other factors underlying health care disparities (SES, cultural norms, acculturation, community education, etc) may not be effective; rather, all factors must be addressed simultaneously. Further research is needed to take a closer look at specific factors underlying health disparities among minority groups and how these can be effectively addressed.
